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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

FOREWORD 

The Quarterly Reliability Status Report  is 
submitted in accordance with the Apollo documentation 
requirements delineated in NASA contract NAS 9-  150; 
paragraph 4. 5.4. 7 of "Project  Apollo Spacecraft  
Development Statement of Work, Part 4, dated 
December 18, 1961; and paragraph 3 .4 .3  of MIL-R- 
27542. The information contained here in  covers  the 
period f rom 1 January through 31 March 1962. 
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION S Y S T E M S  DIVISION 

INTRODUCTION 

This document is the f i r s t  in  a s e r i e s  of comprehensive reliabil i ty 
status and crew safety program repor t s  for the Apollo Pro jec t .  
accomplishments made f rom 1 January through 31 March 1962 a r e  delineated 
in Section I ;  planned activit ies through 30  June 1962 are outlined in Section 11. 
Accomplishments in various organizational and technical art3as, significant 
problems and methods for resolution, and resu l t s  of studies will be presented 
in detail in this  and subsequent repor t s .  

Significant 

Subject mat te r  selected f o r  inclusion in these documents will pe rmi t  an  
a s ses smen t  of progress  by management and technical personnel and will 
s e r v e  a s  a guide in determining necessary  reorientation o r  concentration of 
attention and effort a s  the program develops. 
will enhance accomplishment of the Apollo mission success  and crew safety 
objectives on a timely basis.  

Use of this mater ia l  as a guide 

Although this repor t  is ,  of necessity,  brief,  considerable expansion in 
reported ma te r i a l  can be anticipated in future issues .  

- 1 -  
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I. ACCOMPLISHMENTS 

ORGANIZATION AND MANAGEMENT 

The original reliability organization, a s  outlined to NASA, consisted of 
a reliability and crew safety manager who reported technically and 
administratively to Apollo Engineering. 
technically responsible to the manager but were  administratively responsible 
to the Director  of Reliability Engineering in Quality Assurance.  A m o r e  
effective working arrangement  has been achieved by reassigning the manager 
to Quality Assurance with administrative and technical responsibility for  
p e r  s onn el. 

Various reliability engineers were  

Strong technical guidance is provided by locating reliability engineers 
in the project a r e a  to a s s u r e  day-to-day contact with designers  and by having 
the reliability manager participate in engineering staff meetings. 
emphasis on design integrity has  been achieved by designating the reliability 
manager  as a permanent member of the Apollo Design Review Board. 

Fu r the r  

Major reliability management activities during the f i r s t  quar te r  of 1962 
consisted of producing the following: 

1 .  Definitive task statements,  manpower loads,  schedules,  and 
anticipated cost  allocation in support of program implementation 
and a firm cost  proposal 

2. Documentation and reviews of the Reliability P r o g r a m  Plan  
(SID 62-203) and the Qualification-Reliability Tes t  P lan  (SID 62-204) 

3. Additional plans for  training, high- r eliability pa r t s  employment, 
major  subcontractor and associate  contractor activit ies,  and data 
ope r a t  ions 

Numerous indoctrination and coordination meetings held with NASA and 
S&ID subcontractors a r e  described in subsequent sections of this report .  

MILES TONES 

Figure  1 i l lust rates  the major milestones scheduled fo r  this repor t  
per iod.  All milestones were  accomplished on schedule. 

- 2 -  
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

I JAN FEB MAR I I I v WORK STATEMENT NEGOTIATED WITH NASA 
'I SUBCONTRACTOR RELlABlLllY ADMINISTRATION INITIATED 

v PRELIMINARY MISSION PHASE RELIABILITY APPORTIONMENTS 
COUPLETE 

v PRELIMINARY SUBSYSTEM RELIABILITY 

v DRAFT OF RELIABILITY PROGRAM PLAN SUBMITTED 
APPORTIONMENTS COMPLETE 

TO NASWMSC 

RELIABILITY - CREW SAFETY DESIGN CRITERIA 
DOCUMENTED 

QUALIFICATION - 
RELIABILITY TEST PLAN 
SUBMITTED TO NASWMSC 

v TEST PIAN REVIEWED 
WITH NASWMSC 

Figure  1. Major Reliability Milestones F i r s t  Quarter  of 1962 

APPORTIONMENTS 

The probabilities of success (0.  90) and crew survival (0. 999), as 
assigned by NASA for  the Apollo mission, include the effects of the ground 
complex; the launch vehicle; the navigation and guidance system; and the 
Apollo command, service,  and lunar landing modules. To define initial 
requirements  for  the command and serv ice  modules, these objectives were  
apportioned to each of the major  elements by means of conventional techniques. 
Mission success  apportionments, so  derived, a r e  0.999 for  the GOSS complex, 
0. 950 for  the boost sys tem (defined by NASA), 0.  960 for the command and 
serv ice  modules, and 0.  988 for  the lunar landing module. 

0 

The command and serv ice  module allocation was fur ther  apportioned to 
each mission phase and to the functioning subsystems.  
were  based on the following considerations : 

Numerical allocations 

1. Operating t ime 
2. 
3 .  Environmental severity 
4. 

Subsystem complexity and known redundancy 

Cr i t ica l  nature of the function o r  mission phase 

All functioning subsystems were  assumed to be se r i e s  elements during 
a given phase with no allowance made for  a l ternate  modes of operation o r  
on-board maintenance. The total mission t ime was divided into 14 t ime 
phases .  
a s  a basis  for  prel iminary apportionment to the components of each subsystem. 

The resul ts  of this study a r e  delineated in Table 1 a d  w-21 be zszc! 

As additional information becomes available on the foregoing listed 
i tems  and as al ternate  modes of operation and maintenance concepts a r e  
be t te r  defined, m o r e  prec ise  allocations will be made. 

- 3 -  
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC. SPACE and INFORMATION S Y S T E M S  DIVISION 

APPORTIONMENT STUDIES 

During this repor t  period, the following apportionment studies were  
conducted. 

Electr ical  Power Generation and Distribution Subsystem 

In order  to meet  the apportioned electr ical  subsystem reliability goal 
presented in Table 2,  distribution provisions were  considered to be entirely 
redundant, i. e . ,  two independent d-c  busses  were  employed, each supplying 
electr ical  power to the d-c load. 
equipment has  been established a t  0.99968 and can be  m e t  by employing 
s tandard components. 

The reliability objective for  d-c distribution 

Table 2. Electr ical  Power Generation and Distribution Subsys tem 
Reliability Apportionments 

Item 

Fuel  cel l  pressurizat ion 

Fuel  cell  assembly ( 3  cells) 

D-c distribution ( 2  busses) 

A-c generation and distribution (3  static 
inverters  and 2 busses)  

Bat tery module 

To tal  

Allocation 

0 . 9 9 8 2 0  

0. 99770 

0.99968 

0.99999 

0.99993 

0.9955 

The fuel cell  assembly (Figure 2) is  designed with three  independent 
modules,  (1) th ree  low-pressure,  non-regenerative fuel cel ls ;  (2)  potable 
water  separating equipment; and (3) associated controls and sensing devices, 
including provisions for  controlled removal of heat  to a space radiator.  The 
reliabil i ty objective io r  the iuel  cel l  zisse-.bly is 0 .  9 9 7 7  for  400 hours of 
power generation. 
0. 868. The individual cell  
reliabil i ty objective is  based on a subsystem which provides normal  power 
with a l l  th ree  cells operating, normal  power in the event that one of the cells 
should fail,  and emergency power in the event that  two cells should fail.  

The reliability objective for  each cel l  is estimated to be  
The detailed apportionment is  shown in F igure  3 .  

- 5 -  
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A-c generation and distribution consists of th ree  independent static 
inverters  and redundancy in the distribution bus. 
has  been apportioned to the a - c  distribution function. 
any one of which is capable of maintaining normal  operation, a r e  employed. 

A reliability goal of 0.  99999 
Three  s ta t ic  inver te rs ,  

Environmental Control Subsys tern 

A reliability apportionment study was conducted f o r  the environmental 
control subsystem. This subsystem is composed of six groups of i tems a s  
i l lustrated in Figure 4. Figures  5, 6, and 7 depict the detailed apportionments 
fo r  the p r e s s u r e  suit,  water-glycol, and p r e s s u r e  and temperature  control 
groups. Apportionments for  the oxygen supply, water supply and, a i r lock 
pressurizat ion groups a r e  being derived and will be included in the next 
quar te r ly  report .  

Launch Escape and Tower Jett ison Subsystem 

The launch escape and tower jettison subsystem reliability apportionment 
is based on the following logic: 

1. F i r s t - s tage  boost reliability is 0. 983 (0 .  95 for  successful 
three-  stage boost reliability) 

2 .  0. 995 reliability through the f i r s t  5 seconds of second-stage 
operation 

3 .  0.99995 apportioned probability that the launch escape and tower 
jettison subsystem operation will not exceed emergency l imits .  

Application of these values yield the following reliability s ta t is  t ics:  

= 0.95 
RBoos t 1 .  

Three  stages 

= 0.983 
RBoost 

First stage 

TI-*-” 
I l l U . 2  

= 0 . 9 8 3  x 0 . 9 9 ;  - 0 .  n 7 9  7 I U  x R  
Boost Boost 
First stage Second stage 

R 

(5 sec)  

and, therefore ,  22 aborts  p e r  1000 missions might be expected. 
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GROUP I 
PRESSURE SUIT 

CIRCUIT 

R = 0.99927 

Figure 7 

GROUP II 
WATER- G LYC 0 L 

CIRCUIT 

R = 0.99872 

Figure 8 

GROUP 111 
COMMAND MODULE 

PRESSURE & 
TEMPERATURE CONTROL 

R = 0.99966 

1 
Figure 9 

I 

GROUP IV 
OXYGEN SUPPLY 

R = 0.99968 

* 

GROUP VI 
AIR LOCK 

PRESSURIZATION 

R = 0.99628 

1 APPORTIONMENTS TO BE DEFINED I 

Figure  4. Environmental Control Subsystem Reliability Apportionment 
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LEGEND 

17 

ITEM NO. 

1-1 
1 -2 
1-4 
1 -5 
1-6 
1-8 
1 -9 
1-10 
1 - 1 1  
1-12 
1-13 
1-15 
1-16 
1-17 
1-18 
1-19 
1-20 
1-21 
1-22 
1-23 
1-24 
1-25 
1-27 
1-28 

~ ~ ~~ ~ 

COMPONENT DESCRIPTION 

Water separator check valve 
Regenerative heat exchanger 
Suit flow control valve 
Suit f low return connection 
Suit manifold return check valve 
Debris trap 
Catalytic f i l ter 
Suit circuit compressor 
Suit circuit  compressor check valve 
C 0 2  absorber isolation valve 
C 0 2  absorber isolation valve 
C 0 2  absorber 
By-pass flow control 
Suit compressor selector switch 
Regenerative heat exchonger by-pass valve 
Glycol-to-suit air heat exchanger 
Suit circuit  evaporator 
Diverter valve 
Water separator 
Suit air inlet temperature sensor 
Suit air temperature control 
Suit air temperature selector 
Suit circuit  evaporator temperature sensor 
Suit circuit  evaporator temperature control 

~ 

NO. REQD 

2 
1 
3 
3 
3 
1 
1 
3 
3 
2 
2 
2 
1 
2 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 

RELIABILITY 
PER ITEM 

0.99999 
0.99999 
0.99959 
0.999999 
0.99999 
0.99999 
0.99998 
0.9723 
0.99999 
0.99995 
0.99995 
0.9999 
0.9999 
0.99998 
0.99999 
0.99999 
0.99999 
0.99999 
0.9955 
0.9967 
0.9934 
0.9994 
0.9967 
0.9934 

F i g u r e  5. P r e s s u r e  Suit Circuit  Reliability Logic 

i 
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3.9723 0.99999 

2-1 5 

3.9723 

STANDBY (CREW SAFETY) 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and ISFOR\l .4TIOS S Y S T E X I S  DI\.ISIO.\ 

. 
LEGEND 

do.  ITEM 

2-1 
2-2 
2-3 
2-4 
2-5 
2 -6 
2-7 

2-10 
2-1 1 
2-13 
2-14 
2-15 
2-16 
2-17 
2-18 
2-19 
2-20 
2-22 
2-23 

2-a 

COMPO NE NT DESC R I  PTI 0 N 

Space radiator outlet valve 
Glycol  loop pressure relief valve 
Quick disconnect and shut-off valve 
Manual shut-off valve 
F i l l  port connection 
Glycol  evaporator 
Reservoir 
Reservoir isolation valve 
Electronic equipment glycol check valve 
Glycol  air purge valve 
Cabin heat exchanger by-pass valve 
Glycol  pump check valve 
Glycol  pump 
Glycol  pump selector switch 
Regen era ture heat exho nger temperature sensor 
Regenerature heat exchanger temperature control 
Regenerature heat exchanger by-pass valve 
Space radiator isolation valve 
Glycol  temperature controller 
Glycol  temperature sensor 

NO. REQD 

4 
1 
2 
3 
1 
1 
2 
2 
2 
1 
2 
3 
3 
2 
1 
1 
1 
4 
2 
1 

!LIABILITY GOAL 
II = 0.99872 

Figure  0.  W a  ter-GlJ-col  C i r c u i t  Re l i ab i l i t y  Logic  

RELIABILITY 
PER ITEM 

0.99995 
0.9999 
0.99999 
0.99999 
0.999999 
0.99999 
0.99999 
0.99999 
0.99999 
0.95999 
0.99999 
0.99999 
0.9723 
0.99998 
0.9967 
0.9934 
0.99999 
0.9999 
0 a 9934 
0 9967 

- 11  - -1 
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1 
I 
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0.99998 0 99998 

3-2 1 

I 0.99999 
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I 
I 

E 0.994 
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i 3-20 i b 1 - - - 
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$-lo 

99999 
ITEM NO. 

3-1 
3 -2 
3 -3 
3 -5 
3 -6 
3-7 
3-8 
3 -9 
3-10 
3-1 1 
3-12 
3-15 
3-16 
3-1 7 
3-18 
3-19 
3-20 
3-21 
3-22 
3-23 
3-24 
3 -26 

LEGEND 

COMPONENT DESCRIPTION 

Cabin outflow, pressure regulator a d  neg rel ief valve 
Cabin heat exchanger 
Cabin air shut-off valve 
Cabin temperature selector 
Cobi n temperature anticipator 
Cabin temperature controller 
Cobin temperature sensor 
Inflow snorkel 
Inflow snorkel manual control valve 
Out f I ow s norke I 
Outflow snorkel manual control valve 
Cabin recirculating blower power supply 
Back pack supply shut-off ond relief volve 
Cabin recirculating blower selector switch 
Cabi n recircu lati ng blower 
Pressure relief valve 
Nitrogen inflow control and flow l imit valve 
H2 supply quick disconnect 
H2 supply low-pressure regulating valve 
N2 supply high-prersure regulating valve 
Back pack supply quick disconnect 
k c k  pact supply cap 

UO. REQD 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
2 
2 
1 
2 
1 
2 

RELIABILITY 
PER ITEM 

0.99999 
0.99999 
0.99999 
0.9994 
0.9967 
0.9934 
0.9967 
0.99999 
0.9W99 
0.99999 
0.99999 
0.994 
0.99999 
0.99998 
0.98 
0.99999 
0.997 
0.99999 
0.993 
0.993 

1 0.999999 

2 
1 ~ 0.99999 
1 
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  1 SPACE and I NE'ORhlATIO\ S k  STEXIS DI\71SION 

2. Apportioned launch escape and tower jett ison emergency limit 
fa i lure  probability = 0. 00005, or 0. 0 5  fatalities pe r  1000 missions 

3. Therefore ,  the subsystem reliability requirement  is  

fatalities 
3 

0 .  05 - = 0.022 - - 1 0  missions 0 .  05 fatalities 

1 0  missions 3 22 abort  
X 22 aborts  

o r  

R = 1 - 0.0022 = 0.9978 

The reliability logic diagram presented in F igure  8 i l lustrates  the 
requirements  for  the launch escape and tower jett ison subsystems and its 
components. 

Ear th  Landing Subsystem 

During an investigation of the feasibility of achieving the ear th  landing 
subsystem apportioned reliability goal, one problem was disclosed. The 
probability of jettisoning the heat shield and deploying the parachute c luster  
a r e  the limiting factors  in achieving the goal. 
a r rangement  in the cur ren t  operating concept (F igure  9 )  the reliability can  
never  be grea te r  than that f o r  the heat shield jett ison m o r t a r  (0.  9999) or for  
deployment of the parachute cluster package (0 .  9998). 
sys t em apportionment of 0.  99995. 

Because of the s e r i e s  functional 

These do not m e e t  the 

Studies of various deployment modes a r e  being made in an  at tempt  to 
eliminate this problem. One such study consists of deploying the parachutes 
individually. 
required r a t e  of descent, the deployment of the three  parachutes individually 
increases  the probability of success.  
redundant parachute for  the required two. Lf it is assumed that one parachute 
has  the probability of deployment of 0 .  998, then the probability of two 
parachutes being deployed with one redundant parachute would be 0.  999988. 
T h i s  would exceed the allocation. The configuration can be incorporated if 
the volume and weight constraints a r e  not exceeded. 

Because two parachutes afford sufficient drag  to mee t  the 

'This configuration c rea tes  one 

There  appears  to be only one way to eliminate the problem associated 
with the m o r t a r  101- jsttiscnizg the h e a t  shield. 
design features  and reliability testing a r e  anticipated, in o rde r  to achieve 
the necessary  product improvement. 

Heavy concentration on 

Command Module Reaction Control Subsystem 

Reliability apportionments for  the command module reaction control 
subsystem a r e  presented in Table 3. 

- 13 - 
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r - -  
EARTH LANDING SUBSYSTEM 

0.99994 REQUIRED --1 
PARACHUTE SUBSYSTEM 

SEQUENCING 

0.999996 

I IMPACT ATTENUATION I 

MANUAL 

0.999 

I 0.99999 REQUIRED 

I 1 - I 
SEQUENCING MANUAL OVERRIDE 

0.999996 

I I 

MORTAR MORTAR 

NO. 1 DROGUE NO. 2 DROGUE - HEAT SHIELD LOCK 

I 0.999999 

I 
I 

HEAT SHIELD RELEASE O _ I  

HEAT SHIELD RELEASE SIGNAL 

0.999999 

I 

I 
CABLE CUTTERS 

0.999999 

LATCHING MECHANISM 

0.999999 

SHOCK STRUTS 

0.999995 

STRUCTURE 

0.599999 

HEAT SHIELD MORTAR e,] CLUSTER PROBLEM AREA 

Figure  9. Ear th  Landing Subsystem Reliability Logic 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Table 3. Command Module Reaction Control Subsystem Apportionment 

Item 
~~ 

Zomple te sub sys  tem 
~~ 

Pressurizat ion 
Helium tank 
Fill valve 

Squib valve 
F i l te r  
Solenoid 
Reg ul ato r 

Plug 

Tankage and Plumbing 
Check valve 
Relief valve 
Propellant tank 
Fill valve 
Solenoid 

Thrus t  chambers  
Single chamber  

Reliability Apportionment 

sub system 
Required 

0 .  99996 

Subas s embly* 
4ppo r tionm ent 

0 .999985 

~~ ~ 

0.  999985 

0 .999985 

:kWith redundancy shown in Figure 10. 

Component 
Apportionment 

0.99997 
0 .99993 
0 .99997 
0 .99993 
0 .999998 
0 .9995  
0. 9986 

0 .9995  
0 .9995 
0 .9999 
0 .99993 
0 .9995  

0.999 

~~ 

Expected 
Values 
F rom 

Experience 

0. 999687 

0 . 9 9 9  
0 .9999 
0 .9945  
0 .999945 
0 . 9 9 6  
0 . 9 9 3  

0. 9987 
0 .9987  

0 . 9 9 9  
0 .996  

0. 964 
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0 
Helium supply 
Propellant tankage 
Engine a s s  embly 
Gimbal actuators 

N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  ( SPACE and INFORMATION SYSTEMS DIVISION 

0.999977 
0.999883 
0.999930 
0.999980 

The command module pressurization and propellant supply provisions 

Redundancy has been incorporated a t  the component level  and 
(Figure 10)  approach the apportioned reliability objectives by employing 
redundancy. 
again at the sys tem level. 
r eliabilities of most  of the p re s  sur ization and propellant components will 
allow these supply provisions to meet  o r  exceed the apportioned objectives. 
The positive expulsion tanks a r e  c r i t i ca l  i tems in the propellant supply 
because redundancy is not practical. 
tank reliability a r e  under consideration. 

A slight improvement in state-of-the-art  

Severa l  methods of increasing propellant 

Reliability es t imates ,  based on pas t  experience with rocket th rus t  
chambers ,  is significantly low. Redundancy has been incorporated for  the 
reaction control engines; however, a considerable increase  in state-of-the-art  
reliability may be required for  these components. 

Service Module Propulsion Subsvstem 

As a measu re  of the degree of reliability growth required to meet  the 
apportionment, a reliability prediction study was performed,  based on 
cu r ren t  state-of-the-art  equipment a s  compared to Apollo requirements .  
Employing this equipment, the estimated subsystem reliability would be 
0. 989545, indicating a failure r a t e  deficiency of approximately 46 to 1. 
g rea t e s t  improvements must  be in the propellant utilization and main propel- 
I - ,  Ad,,$. ~ a l v e s ,  in  the injector, and in the combustion chamber.  

The 

Service Module Reaction Control Subsystem 

The serv ice  module reaction control subsystem (Figure  12)  has 
incorporated redundancy a t  the component level and again at the subsystem 
level. 
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(ALTERNATE CONFIGURATIONS CURRENTLY BEING CONSIDERED) 

Figure 11.  SerLTice Module Propulsion Subsystem Logic 
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I 

Pressur iza t ion  and propellant supply will remain in a standby condition 
ready for  intermittant operation fo r  the major portion of the lunar mission. 
This , coupled with extreme environments, will require  some improvement in 
state-of-the-art  reliabilities f o r  mos t  pressurizat ion and tankage components. 
Significant increases  in reliability a r e  required for  thrust  chambers  to meet  
apportioned reliability objectives delineated in Table 4. 

Static Inverter  

Two static converter configurations were  studied to determine which 
would provide the highest reliability. 
inverters  divided into 5 redundant groups with each group supplying a -c  
power to  a p r imary  subsystem. 
redundant inverters  supplying all  5 p r imary  subsystems. 
can maintain sys tem operation. 

The first configuration consists of 13 

The al ternate  configuration consists of 3 

(See F igures  13 and 14. ) 
Any one inverter  

F o r  the purpose of analysis, the inverter  reliability value of 0.  9786, as 
required in the inverter  procurement specification, was employed. The 
numerical  analysis of both systems is  as follows: 

Configuration No. 1 

P = Probability of no fai lures  in the five outputs 5 

= R  R R R R E  
A B C D  

R = 0.99999 A 

R = 0.99954 B 

R = 0.97860 
C 

R = 0.99908 
D 

R = 0.99999 E 

P = 0.97724 
5 

Configuration No. 2 

In this configuration all five outputs a r e  connected to 
the three  redundant main inver te rs .  

- 21 - 
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Table 4. Service Module Reaction Control Subsystem Apportionment 

Sub s y stem 
Required 

0. 996 

Reliability Apportionment 
~~ 

Subassembly:: 
Apportionment 

0 .9995  

Item 

Com pl e te sub s y s tem 

Pressurizat ion 
Helium tank 
Fill valve 

Squib valve 
F i l t e r  
Test  points 
Sol eno id 
Relief valve 
Reg ul ato r 
Check valve 

Plug 

Tankage and Plumbing 

(Single leg of 

Vent valve 

Fill valve 
Propel1 ant tank 
Burs t  disc 
F i l t e r  
Check valves 

Plug 

Reaction engines 
Thrust  chamber 

0 .991  1 

Component 
Apportionment 

0 . 9 9 5  
0. 9 3  
0 .9995  
0 .9980 
0 .99975  
0 .99975  
0 .9975  
0 . 9 9 9  
0 . 9 5  
0 .999  

0 . 9 9 9  
0 . 9 9 9 5  
0. 93  
0 .9967  
0 .9995  
0 .99975 
0 .999  

0 .998  

- 22 - 

SID 62-557-3 



N O R T H  A M E R I C A N  AVIAT ION,  INC.  SPACE and INFORbl.4TION SYSTEMS DI\’ISION 

-0. 
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43- SUBSYSTEM A (ILLUMINATOR) 

SUBSYSTEM B (STABILIZATION) b 
1 I-+ SUBSYSTEM C (GUIDANCE) 

SUBSYSTEM D (ENVIRONMENTAL CONTROL) 

7 - 

SUBSYSTEM E (FUEL CELL PUMPS) 

Figure 13. Alternate No. 1 Static Inverter  Arrangement  

D-C 
BUSSES 

Figure 14. Alternate No. 2 Static Inverter  Arrangement  
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3 

3 

Thus 
R ( 3  redundant inverters)  = 1 - (1 - Ri3) 

= 1 - (0. 0214) 

3 

= 1 - 0.0000098 

The second configuration is m o r e  reliable for  a mode of operation that 
defines any output fa i lure  a s  intolerable. 
that a r e  supplied by a - c  power a re  considered essent ia l  for  mission success  
and crew safety, there  appears to be no reliability advantage in supplying 
each element with individual inverters .  

Since all of the p r i m a r y  elements 

LIESIGN ANALYSIS AND REVIEWS 

Due to the cur ren t  preliminary nature of the Apollo program,  the re  
has  been relatively little detail available for  design analysis o r  reviews. A 
substantial increase  in this activity is anticipated for  the next report  period, 
when additional design definitions a r e  formulated and when analyses ,  init i-  
a ted  in this  quar te r ,  a r e  completed and documented. The resu l t s  of severa l  
analyses  that have been completed a t  this  stage of development a r e  p re -  
sented in the subsequent paragraphs.  

E a r t h  Landing Impact Attenuation 

The resul ts  of a qualitative study conducted to investigate various 
approaches to impact attenuation are presented i n  the i r  reliability o r d e r  of 
preference  in Table 5 .  

Service Module Propulsion Subsystem 

Results of the service module propulsion subsystem failure mode 
analysis  conducted during this report  per iod a r e  presented in Table 6. 

Reliability Versus  Weight Optimization Study 

Studies have been initiated to  refine spacecraft  subsystem reliability 

The degree of in-flight testing and maintenance and the required 
requirements  and to  define optimum sys tem configurations (reliabil i ty ve r sus  
weight). 
number of on-board spares  a r e  being considered. Other factors  under con- 
sideration a r e  configuration and complexity, degree of redundancy provided, 
a l te rna te  modes of operation, fa i lure  prone hardware,  failure modes,  s ta te-  
of - the-art  and amount of development required,  weight of each assembly  o r  
end-item package, and criticality of hardware in t e rms  of mission success  
and  crew survival.  
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Table 6. Service Module Propulsion Subsystem Fai lure  
Mode Analysis (Lunar Launch) 

Failure Effect 
Upon 

Crew 
Survival 

Probable 
Cause 

Seal breakdown 

Operating 
Time 

500 seconds 

Mission 
juc c e 8s 

None 

None 

None 

None 

None 

Loss 

Loss 

None 

Component Failure Mode 

One fails to 
check reverse 
flow 

Two fail in 
alternate legs 

Two fail in 
same leg 

One fails  to 
check reverse 
flow 

Two fail in 
alternate legs 

Two fail in 
same leg 

Re marks 

Quad check 
valves 

None 

None 

None Helium back pressure applied 
directly to regulator. 

~~ 

Oxidizer 
Fuel quad 
check 
valves 

Oxidizer 
and fuel 
burst  disc 
(inlet) 

Oxidizer 
and 
fuel f i l ter  
(inlet) 

None 

None 

Loss 

LOSS 

None 

500 seconds 

Seal breakdown 

Shock or vibration 

Possible corrosion of up- 
s t ream components. 

Oxider and fuel fumes 
intermit causing explosive 
atmosphere 

Sufficient safety margin 
should preclude this mode. 

1 cycle Does not rupture 
Faulty material  

Rupture B 
prematurely 

Clogs Debris or moisture 
forming ice 

LOSS 500 seconds Loss  

None 

Effects 

Loss  

None 

None 

Loss 

Vent valve 
(oxidizer 
and fuel) 

Vibration and shock None Plug assures  no leakage. None 

unknow 

LOSS 

None 

None 

LOSS 

Opens during 
flight 

Leakage thru 
s tem 

Breakdown of seal Could cause eventual depletion 
of pressurant.  

~~~ ~ 

Possible tank rupture. 1 cycle Burst  disc 
relief 
(oxidizer 
and fuel)  

Relief 
valve 
(oxidizer 
and fuel)  

Does not rupture 
when required 

Ruptures pre-  
maturely 

Opens pre- 
maturely 

Does not open 
when required 

Faulty burst 
mate rial 

Shock or vibration 

Shock or vibration 

Relief valve precludes loss  
of helium. 

Burst  disc prevents loss  of 
helium. Requires previous 
malfunction before relief 
use required. 

300 seconds 
(maximum) 

Corrosion causing 
sticking 

Rupture 

Leakage 

Meteroid damage 
vibration 

Shock-lunar touchdown 

LOSS Loss 14 days Sufficient overdesign should 
preclude leakage or rupture. 

Propellent 
tanks 

Fill valve 
(oxidizer 
and fuel)  

Leakage during 
flight 

Shock, vibration 
breakdown of seal 

Plug acta a s  back-up. Only during 
tanking 

One-shot 
device 

None 

Loss  

None 

None 

Lose 

None 

Does not rupture Faulty material 

Shock or vibration 

High tank pressure should 
preclude this mode. 

Possible contamination of 
downstream components. 

Burst  disc 
(oxidizer 
and fuel 
outlet) 

F i l t e r  
(oxidizer 
and fuel 
tank outlet) 

Ruptures pre- 
maturely 

Clogs Propellant debris 

Moisture in line 
forming ice 

Loss LOSl 500 seconds Considerable care  must be 
taken during filling. 
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Probable 
Cause 

Mission Crew 
Success Survival 

Loss of electrical 
signal 

Moisture freezes 
debris from 
squib 

Inadvertant electrical  
ene rgization 

Loss of current 

LOSS 

None 

LOSS 

None 

None 

I 
I 

I 
I 
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Table 6. Service Module Propulsion Subsystem Fai lure  
Mode Analysis (Lunar  Launch) (Cont) 

I 
Failure Effect 1 Upon 

Operating 
Time Component Failure Mode Remarks 

Helium 
tank 

Rupture 
leakage 

14 days Meteroid damage, 
Vibration, Shock, 
lunar Touchdown 

Sufficient over-design should 
preclude leakage o r  rupture. 

Plug provided a s  backup- 
valve checked off to lift- 

Fill valve Leakage Breakdown of 
valve steam seal 

Igniter or con- 
nector breakdown 

Does not 
apply 

~~ 

Dual squib 
valves 
(normally 
closed) 

- .- 
Filter 

1 shot device Primary consideration is to 
eliminate o r  protect against 
s t ray electrical  signals. 

One fails to 
open 

One o r  both 
open pre- 
maturely 

Both fail to 
open 

signal I I  
LOSS 

~ 

One clogs 500 seconds Utmost ca re  to utilize 
clean opening squip valves. 

None 

Loss 

None 

None 

Both clog 

Fails closed 1 cycle Alternate line used. Solenoid 
valve 
(normally 
Open) 

Fi l ter  

P res su re  
regulator 

-- 
Solenoid 
valve 
(nor mal l  y 
open) 

Does not clone 
when required 

clogs 

Alternate solenoid acts  a s  
backup 

Alternate line used. Low probability 
all debris 
should be removed. 

None None 500 seconds 

Indicates 
high pressure 
when none 
exists 

Indicate. low 
pressure when 
none exists 

Malfunction of 
pressure indicator 

None None 500 seconds Solenoid used for  isolation. 

P res su re  indicator downstream 
indicates pressure for corre-  
lation. Any surges removed 
by relief valve. 

1 cycle Closes in- 
advertently 

Doe8 not c loie  
when required 

Doe. not open 
on command 

Both do not 
open on 
command 

Open pre-  
maturely 

Both clom 
during opera- 
tion 

Stray electrical  None 
signal 

Electrical rnal- 
function aolenoid 
breakdown 

None None Require8 regulator and upper 
Bolenoid malfunction before 
operation i i  required. 

Alternate molenoid used. Solenoid 
valve 

cloied) 
(normally 

Electrical  mal- 
function 

None 1 cycle None 

Require. previoua malfunction. Solenoid break- 
down 

I None 

Stray electrical  
aignal 

L o r i  of electrical 
signal 

Debria 
Moisture that has 
fronen in. f i l ter  

None 

Loa. 

Pres iu re  regulator maintain8 

Require. previoua malfunction. 

now. 

Fil ter Clogs 250 second8 Require. loss  of alternate 
fi l ter .  

Lo.. 

~ 

Indicates high 
pressure when 
none exists 

Indicates low 
pressure when 
none exists 

~~ 

Malfunction of 
pressure 
indicator 

250 seconds Under pressurization of 
fuel tanks. 

P res su re  
regulator 

Relief valve protects against 
over-pressurization although 
gradual depletion of helium 
may occur. 

\ 
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Table 6. Service Module Propulsion Subsystem Fai lure  
Mode Analysis (Lunar Launch) (Cont) 

Failure Effect 
Upon 

Probable 
Cause 

Mission 
Success 

None 

None 

Effects 

None 

None 

None 

Crew 
Survival 

None 

None 

Unknown 

None 

None 

None 

Ope rating 
Time 

500 seconds 

Component Failure Mode Re marks 

One fails  to 
check reverse 
flow 

Two fail in 
alternate 
legs 

Two fail in 
same leg 

Seal breakdown Quad check 
valves 
(oxidizer 
and fuel 
outlet) 

Pr imary 
propellant 
utilization 
valve 

Corrosion by 
propellants 
causing sticking 

Improper engine operation 
during midcourse correlation. 

Valve drives 
hard over 
closed 

500 seconds 

Malfunction of 
computer o r  
logic network 

Electrical  mal- 
function 

Normally open solenoid closes 
propellant utilization control 
maintained by redundant 
prepellant utilization valve. Loss of power 

Normally 
open 
solenoid 

Inadvertantly 
closes 

Does not close 
when required 

Stray electrical  
signal 

None 

None 

None 

None 

1 cycle 

Loss of energizing 
signal 

Assumes alternate propellant 
utilization valve will maintain 
control. 

Secondary 
propellant 
utilization 
valve 

Drives hard 
over closed Malfunction of 

computer or logic 
ne two r k 

Loss 

None 

None 

LOSS 

None 

None 

250 seconds Both propellant utilization valves 
must be hard over closed. 
burns oxidizer rich. 

Engine 

Drives hard 
over open 

Loss of power Electrical  mal- 
function 

Valve should return to null 
position. 

Two alternate 
sets  do not 
open 

Two alternate 
sets  do not 
close 

Electrical  failure 
corrosion causes 
sticking 

Loss 

Loss 

500 seconds Engine 
propellant 
valves 

Injector 

Thrust  
chamber 

Loss 

LOSS 

Loss 

Loss 

Plugging 

E-rn through 

Debris in line 

Performance 
vibration 

Loss 

Loss 

500 seconds 

500 seconds 

Low probability of occurrence.  

Re qui r e s  injector plugging to 
cause performance variation. 
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MATERIALS, PARTS, AND COMPONENTS 0 
The investigations initiated and the acquisitions made during this 

report  period a r e  outlined in  the following paragraphs.  

Transducer  Study 

Transducer application and reliability data have been received f r o m  22 
leading t ransducer  manufacturers.  
received f r o m  Borg Warner Controls and Edcliff Instruments.  

Two reliability repor t s  have also been 

Elapsed Time Meters  

A study to a s s e s s  relative m e r i t s  of various elapsed t ime m e t e r s  is 
being conducted. 
:or information. 
determine t ime -significant information on mission-es  sential  Apollo equip- 
ment. 
been received. 
promising. 
furnished by the suppliers and wi l l  be t ransmit ted to appropriate S&ID and 
s upplie r de sign pe r s onnel . 

Representatives of 20 manufacturers  have been contacted 
Presentations of these companies will be employed to 

Catalogs and drawings of clock and digital elapsed t ime m e t e r s  have 
A miniaturized vers ion of the digital unit is the most  

Engineering and reliability data to support this  study will be 

Relay Versus Solid-state Devices 

To obtain additional reliability data to a s s i s t  in reaching Apollo design 
decisions on the use of re lays  versus  solid-state devices,  eight major  re lay  
and solid-state device manufacturers and other NAA divisions have been 
contacted. Suppliers will submit reliability tes t  repor t s ,  quality control 
t e s t  repor t s ,  design application information, MTBF and failure ra te  data. 
A prel iminary report  will be issued when this information is received, 

Connector Studv 

A l i s t  of connector c lasses  and styles to  fulfill major  GSE require-  
ments  i s  in process ,  and representatives f r o m  six ma jo r  connector 
manufacturers  and other NAA divisions have been contacted. 
to group these components by class ,  type (per  Mil-Spec. ), supplier,  and 
configuration. When reliability information has been received, it will be 
added to this listing. Par t icular  emphasis has  been placed on the need of 
available reliability data beyond the environmental limits of Mil -C -26500. 

It is planned 
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Vessel Burs t  Study 

A study to  obtain predesign information on titanium p r e s s u r e  vesse ls  
has  been conducted in the following source  areas:  (1) IDEP, (2)  f ield data 
f rom a i r c r a f t  and missile industries using titanium vesse ls ,  ( 3 )  supplier 
contacts, and (4) other  NAA divisions, 

Helium, Nitrogen Tetroxide, Hydrazine P r e s s u r e  System Components 

Fai lure  ra te  data is being sought on components to  be used in p r e s s u r -  
ization and propellant applications. 
reliability a s ses smen t s  on these components is being requested f r o m  the 
same  sources  that will supply the vesse l  burst  study data. 

Information that could provide 

QUALIFICATION - RELIABILITY TEST PROGRAM 

The Apollo Qualification-Reliability Test  Plan,  SID 62 -204, was 
re leased  28 February  1962. 
March resulted in the following decisions: 

A review at NASA, MSC, Houston on 8 and 9 

1. MSC tentatively concurred with the NAA general  approach to 
testing. 

2. Individual tes t  procedures would be prepared by NAA to provide 
g rea t e r  detail than presented in the tes t  plan. 

3 .  Several changes and additions were  requested and agreed on. 

4. Additional discussions on the statist ical  t reatment  of t e s t  data 
were  scheduled for  the week of 19 March 1962 at NAA. 

Meetings were  held on 21 and 22 March to  discuss the statist ical  
aspec ts  of the t e s t  plan. 
the best  available approach to  qualification and reliability demonstration, 
i t  was jointly agreed that a consultant should be engaged f o r  a one to two 
week study. 
a r e  to  be held in the next report period. 
being incorporated for  transmittal  to  MSC by 30 April 1962. 

In order  to be cer ta in  that the proposed plan was 

Fur ther  discussions on the selection of a qualified consultant 
Revisions to the t e s t  plan a r e  

Model t e s t  plans a r e  being constructed and documented for  various 
categories  of Apollo hardware,  such a s  pa r t s ,  components, subsystems,  and 
sys t ems .  These model plans,  in conjunction with the following information, 
will  define the number of i tems required for  qualification-reliability testing, 
complexity, fa i lure  modes,  current qualification s ta tus ,  cost ,  number of 
c r i t i ca l  environments,  reliability requirements ,  and confidence objectives. 
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Copies of the model plans will be t ransmit ted to a l l  major  subcontractors 
to a s su re  uniformity in approach and continuity of data f r o m  supplier 
through NAA-conducted tes t s .  
a r e  reported under Associate and Subcontractor Activities in this document. 

Other tes t  accomplishments for this period 

DATA SYSTEM 

Data Support 

Studies were conducted to define the data collection and processing 
requirements necessary  to support failure analysis  and reliability testing 
on the Apollo program. 
received, and supporting procedures a r e  current ly  being developed and 
documented to  a s s u r e  conformance to NASA requirements .  
study code (DSC) has  been developed and is being implemented. 
pose of this code is to  rapidly identify repetitive fai lures  and dificiencies 
and to a s su re  correct ive action by responsible personnel.  

Deficiency and failure data report  forms  a r e  being 

A discrepancy 
The pur -  

Feedback (output) reports and processing procedures  necessary  to 
satisfy the basic  requirements of an acceptable reliability program a r e  being 
completed in o r d e r  to  expeditiously circulate information when the fai lure  
report  program goes into effect. 

Statistical Support 

P a r a m e t e r s  were defined for  producing s ta t is t ical  summar ies  in 
ma t r ix  form f rom a rapid reporting system. Statistically designed experi-  
ments  a r e  being devised for  use in measuring the effects of environments 
encountered f r o m  prelaunch to  reentry for  all Apollo sys tems,  subsystems,  
and components. Statist ical  support is current ly  in p rogres s  in establishing 
the reliability requirements and c r i t e r i a  for  hardware purchased f rom S&ID 
suppl iers  , 

DOCUMENTATION 

Reliability P r o g r a m  Plan 

The Reliability Program Plan(S1D 62-203)  is being revised a s  a resul t  
of discussions with NASA personnel on 8 to 9 February .  
t ion of the program was requested. 
were  as follows: 

No major  reor ienta-  
Significant i t ems  requested by NASA 

1. The report  should contain schedule milestone char t s .  

2. Organizational relationships and authority of Apollo and cent ra l  
function reliability engineering should be amplified, 
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3. Time limitations for failure reporting and analysis should be 
defined. 

4. Engineering changes and change control should be expanded. 

5. Employment and documentation of mission phase apportionments 
should be explained, 

Qualification-Reliability Test Plan 

As a result  of the meeting with NASA personnel on 8 to 9 February,  
the Qualification-Reliability Test Plan is being revised. 
to be t ransmit ted to NASA by 30 April  1962. 

This document is 

Environmental Cr i te r ia  Notebook 

The objective of the Environmental Cr i te r ia  Notebook is to provide a 
cent ra l  document fo r  recording the environmental levels to  which the Apollo 
spacecraf t  and ground support subsystems and equipments will be exposed. 
Environmental c r i t e r i a  a r e  accumulated by phase,  beginning with initial 
Apollo assembly and checkout through recovery f rom a lunar mission,  
Concurrent with the determination of expected mission environments , 
individual analyses a r e  being performed for each subsystem to establish the 
necessa ry  design and tes t  levels. Revisions will be made as required.  

Reliability Support To Other Documents 

During this report  period, Reliability Engineering supported the p r e  - 
paration and release of numerous documents. 
reviews and contributions in the fo rm of reliability program requirements ,  
numerical  requirements ,  environmental c r i t e r i a ,  and t e s t  planning and 
methods.  
contributions originated in this  quar te r .  

that  have reliability contributions and that have been reviewed by Reliability 
Engineering before re lease.  

This activity consisted of 

Table 7 delineates NAA work statements containing reliability 

Table 8 l i s t s  those procurement specifications and other documents 

- 32 - 

SID 62-557-1 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

Table 7. Reliability Contributions to Work Statements 
(January Through March 1962) 

Document 
Number 

SID 62-10 

SID 62-11 

SID 62-12 
SID 62-14 
SID 62-16 

SID 62-17 

SID 62-18 

Subsystem 

Environmental 
control 

Stabilization & 
control 

T e 1 e c o mmuni c at  io n s 
Fuel Cells 
Ea r th  landing 

impact at  t e nuat i o n 
Ea r th  landing 

recovery aids 
Escape tower 

jettison motor 
Service module 

propulsion motor 

Subcontractor 

AiRe sea rch  

Minneapolis - 
Honeywell 

Collins Radio 
P r a t t  & Whitney 
(North American 

Aviation) 
Radio plane 

Thiokol 

Aerojet 

Date 
Submitted 

(1962) 

J an  10 

Jan  10 

Jan  10 
Feb 12 
Jan  1 

Jan  5 

Feb 12 

F e b  28 

- 3 3  - 4mummF 
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Table 8. Reliability Contributions to  Apollo Specifications 
(January Through March 1962) 

Number 

MC48 1-000 1 
MC48 1-0002 
MC48 1 -0003 
IDWA 5508 (LA)  
MC286-003 
MC284-00 1 
MC282 -000-3 
MC495 -000 1 
MC461-0001 
~ ~ 4 6 1 - 0 0 0 3  
MC90 1-0005 
MC464-0002 
SID 62-50 
SID 62-51 
SID 62-65 
SID 62-80 

SID 62-82 

SID 62-84 

SID 62-83 

SID 62-85 

SID 62-86 

SID 62-88 

SID 62-89 

SID 62-96 
SID 62-109 

SID 62-192 

SID 62-239 

SID 62-240 

Title 

~~ 

Antenna System, R & D T e l e m e t r y  
Antenna System, Recovery  
R & D Beacon Antenna Sys tem 
Radome Specification, Antenna 
Hel ium System F i l t e r  
Solenoid Valve 
Hel ium Tank (Command Module) 
Inve r t e r  
P o s t  Landing Ba t t e ry  
Reent ry  Bat te ry  
S u p e r - c r i t i c a l  Gas  S torage  Sys tem 
Launch Escape Motor  
Apollo General  GSE Specification 
Spac e c r  aft P e r f  o r  manc  e Spe cifica tion 
Design Criteria Specification 
Spacecraft  Miss ion  Propuls ion  

Spacecraft  Envi ronmenta l  Contr 01 

Spacecraft  Navigation and Guidance 

Spacecraft  E l e c t r i c  a1 Power  

Spacecraft  Stabil ization and Control 

Spacecraft  Telecommunicat ions 

Spacecraft  Launch E a  cape  Subs ys tern 

Spacecraft  Pa rawing  and Recovery  

P r e l i m i n a r y  Apollo Support  P l a n  
T e s t  P lan  R e s e a r c h  and Development 

for  P ro jec t  Apollo Spacec ra f t  
E l e c t r o  -Magnetic In t e r f e rence  

Specification fo r  Apollo Spacecraf t  
Genera l  Requi rements  for P repa ra t io r  

for  Delivery of Apollo GSE 
Genera l  Requi rements  for  P repa ra t io r  

for  Delivery of Apollo Ai rborne  
Equipment 

Subsystem Specification 

Subsystem Specification 

Subsystem Specification 

Subsystem Specification 

Subsystem Specification 

Subsystem Specification 

Specification 

Subsystem Specification 

Date 
Submitted 

( J 9  6 2 ) 

M a r  9 
M a r  16 
M a r  21 
M a r  28 
M a r  15 
M a r  15 
M a r  15 
M a r  27 
M a r  29 
M a r  29 
M a r  20 
M a r  9 
Feb 10 
Jan 17 
F e b  16 
Feb 19 

F e b  5 

F e b  28 

Jan  25 

Jan  10 

Mar  5 

Mar  15 

Mar 15 

Mar  15 
Jan 15 

Mar  22 

Mar  1 

Mar  16 
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Table 9. Procurement  Specification Inputs This Quarter  

Number  

MC48 1-0001 
MC48 1-0002 
MC481-0003 
MC286-0003 
IDWA 5508 (LA) 
MC284-001 
MC282-000-3 
MC495-000 1 
MC461-0003 
MC461-0001 
MC90 1-0005 
MC464-0015 
MC90 1-0002 
SID 62-50 
SID 62-51 
SID 62-65 
SID 62-80 

SID 62-82 

SID 62-83 

SID 62-84 

SID 62-85 

SID 62-86 

SID 62-88 

SID 62-89 

SID 62-192 

SID 62-239 

SID 62-240 

MC284-00 13  

MC282 - 000 5 

MC282-0002 

MC 282-000 7 

MC282-0006 

MC282-0008 

Ti t le  

Antenna Sys t em,  R & D T e l e m e t r y  
Antenna S y s t e m  Recovery  
R & D Beacon Antenna S y s t e m  
Helium S y s t e m  F i l t e r  
Radome Specification, Antenna Spec  
Solenoid Valve 
Helium Tank  (Command Module) 
Inver te r  
Reent ry  B a t t e r y  
P o s t  Landing Ba t t e ry  
S u p e r - c r i t i c a l  G a s  S torage  S y s t e m  
F u e l  Cell 
Launch Escape  Motor  
Genera l  GSE Apollo Specification 
Spacecraft  P e r f o r m a n c e  Specification 
De sign C r i t e  r ia S pe c if i ca  t i  on 
Spacecraft  Miss ion  P ropu l s ion  

Subsys tem Specification 
Spacecraf t  Envi ronmenta l  Con t ro l  

Subsys tem Specification 
Spacecraf t  E l e c t r i c a l  P o w e r  

Subsys tem Specification 
Spacecraf t  Navigation and  Guidance 

Subsys tem Specification 
Spacecraft  Sys t em Stabilization and  

Control Subsys t em Specification 
Spacecraft  Te lecommunica t ions  

Subsys tem Specification 
Spacecraf t  Launch E s c a p e  S y s t e m  

Subsys tem Specification 
Spacecraft  Pa rawing  and  Recovery  

Sys tem Specification Subsys t em 
E lec t r a -  Magnet ic  In t e r f e rence  

Specifications f o r  Apollo Spacec ra f t  
Genera l  Requ i remen t s  f o r  P repa ra t io i  

f o r  Del ivery  of Apollo GSE 
Genera l  Requ i remen t s  f o r  P repa ra t io i  

f o r  Del ivery  of Apollo A i r b o r n e  
Equipment 

Valve Solenoid Actuated, Ni t rogen  
Tet roxide  Feed  Con t ro l  

P r e s s u r e  V e s s e l ,  Hel ium (48  inch  
Nominal ID) 

P r e s s u r e  Vesse l ,  Hel ium (10  inch 
Nominal D iame te r )  

Tank  UDMH/Hydrazine - Pos i t ive  
Expulsion (cy l indr ica l )  

Tank  - Nit rogen  Te t rox ide  - Pos i t ive  
Expulsion (cy l indr ica l )  

Tank,  UDMH/Hydrazine - Pos i t ive  
Expulsion (1 6- 1 / 4  Nominal  I. D. ) 

Date 
ubmitt ed 

(1962) 

M a r  9 
Mar 16 
Mar  21 
M a r  15 
M a r  28 
M a r  15 
M a r  15 
M a r  27 
M a r  29 
M a r  29 
M a r  20 
M a r  12 
M a r  9 
F e b  10 
J a n  17 
F e b  16 
F e b  19 

F e b  5 

J a n  25 

F e b  28 

J a n  10 

M a r  5 

M a r  15 

M a r  15 

M a r  22 

M a r  1 

M a r  16 

A p r  13  

Apr  11 

Apr  11 

Apr  16 

A p r  16 

A p r  16 
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MOTIVATION AND TRAINING 

Initial plans for an Apollo Reliability Training P r o g r a m  a r e  being 
formulated. 
application suitability data, ( 2 )  design analysis techniques and associated 
machine programs,  ( 3 )  statistically designed t e s t s ,  and (4) the Apollo 
reliability program plan. Nine additional subjects a r e  being considered. 

Ea r ly  subjects to be covered a r e  ( 1 )  Minuteman standards and 

A briefing was presented on 15 March to introduce program and 
engine e ring management to the Minut eman high - reliability electronics 
approach, to its possible application to Apollo, and to the ramifications of 
this implementation on the Apollo. As a follow-on effort, some of the 
significant problem a r e a s  being studied as parts availability, documentation 
scope, procurement procedures, supplier and in-house controls,  receiving- 
inspection tes t  equipment, requirements for  controlled environmental 
s torage,  and data handling requirements and facilities. It is anticipated 
that joint action will be required f rom program management, purchasing, 
avionics and GSE design, reliability engineering, quality control, and 
standards before a practical  implementation and procurement plan can be 
for mulat e d. 

Forty copies of the Minuteman Standards Handbook has  been distributed 
to design, reliability, and subcontractor personnel. A n  introduction with 
pertinent comments on employment of the standards in Apollo preliminary 
design was prepared to supplement the handbook. 

A reliability briefing has been prepared,  and is  to be presented on 
5 April  1962 to NAA, Tulsa personnel who will be engaged in  Apollo work. 
Material  to be covered includes divisional and program reliability policy 
and organization and the Apollo Reliability Plan. 
followed by a showing of the motivational film "Lock On. 

The briefing will be 

An Interdivisional Work Authorization (IDWA) has been i ssued  to 
Autonetics to provide a course and instructors  on the subject of "Machine 
P r o g r a m  Circuit  Analysis Techniques. The course will cover wors t -  
case ,  VINIL, moment methods, parameter  variation, and Monte Carlo 
Analysis techniques; and it will be  open to Apollo design and reliability 
engineers.  

ASSOCIATE AND SUBCONTRACTOR ACTIVITIES 

S&ID Reliability personnel have participated a s  members  of various 
pre-award  survey teams.  To a s s u r e  uniformity and coverage of significaxt 
reliabil i ty considerations, a pre-award survey handbook was prepared. 
This handbook is i n  the form of a detailed checklist and forms the basis for  
evaluation of management and technical capabilities, personnel, procedures,  
facil i t ies,  etc.  Table 10 is a l i s t  of the supplier surveys conducted during 
this quar te r .  - 36 - 
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T a b l e  10. P r e - A w a r d  S u r v e y s  ( J a n u a r y  T h r o u g h  M a r c h  1 9 6 2 )  

aunch EscapeJTower Jet t ison Motor 

Lockheed Propuls ion C o . ,  Redlands 

Aerojet-General Corp. , Solid Rocket, 
Sac ramento, California 

United Technology Corp. , Sunnyvale 

Rocket Power,  Inc . ,  Mesa, Arizona 

Thiokol Chemical Corp. 
Elkton, Maryland 

ommand Module Heat Shield Ablative Pane l s  

AVCO R & D Faci l i ty  
Wilmington, Mas sa chu sett s 

General  Elec t r ic  Faci l i ty  
Philadelphia, Pennsylvania 
Cincinnati Testing Laboratory 
C incinnat i , Oh io 

Emerson  Elec t r ic ,  Avionics Facil i ty 
St. Louis,  Missour i  

Chance Vought Corp. 
Dallas,  Texas  

'uel Cell 

Ionics Corp. 
Boston, Massachuset ts  

A l l i s  Chalmers  
Milwaukee, Wisconsin 

Pratt & Whitney Aircraf t  
Ea st Hartford , Connecticut 

~~ ~ 

erv ice  Module Propulsion Engine 

Thickel Chemical Gorp. , Reaction Motors Division 
Denville, New J e r s e y  

rttitude and Reaction Control Motors 

Mar  qua r dt Cor  p. 
Van Nuys, California 
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Table 10. Pre-Award Surveys (January Through March 1962)  (Cont) 

~~~ ~ ~ 

:entry and Recovery Bat ter ies  

Delco Remy Division, GMC 
Anderson, Indiana 

The Eagle-Picher  Co . ,  Chem. -Metals Division 
Joplin, Missour i  

Electr ical  Storage Battery Co. , Missi le  Division 
Raleigh, North Carolina 

Gulton Industries,  Alkaline Bat tery Division 
Metuchen, New J e r s e y  

Yardney Electric Corp.  
New York 13, New York 
Power Sources  Division, Telecomputing Corp. 
Denver 7 ,  Colorado 

Iper-Cri t ical  Gas  Storage System 

Stratos  Division, Fairchild Stratos  Corp.  
Manhattan Beach, California 

Air i te  Products ,  Inc. Division, Electrade Corp.  
Los Angeles, California 

Menasco Mfg. C o . ,  
Burbank, California 

Hamilton Std. Division, United Aircraf t  
Windsor Locks, Connecticut 

Linde Co . ,  Cry0genic.s Prod. Dept. 
Town of Tonawanda, New York 

Fi rewel l  Co. 
Buffalo 25, New York 

Pioneer  Central  Division Bendix Corp. 
Davenport, Iowa 

Beech Aircraf t  Corp.  
Witchita, Kansas * 

ti e e c h Air c rait c Orp. 
Boulder, Colorado 

P a r k e r  Ai rcraf t  
Los Angeles 45, California 
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and 1NFORhfATIO.N SYSTEhlS DI\7SION 

Table 11. defines various subcontractor documents which were  r e -  
viewed by Reliability Engineering during this  report  period. 

Table 11. Subcontractor Reports Reviewed by Reliability Engineering 

Report  

SS- 1003-R 

AR113-1 

SS-1015-R 

RED- 18004 

RSS-1013R 
SS- 10  14R 
AR- 108- 1 

RED- 1 80 1 1 

2519 

SS1012R 
18004A 

2523 
SS1004R 
2522 
2506 

RED- 1 80 1 5 

AR118-1 

TT ?"I - 4 2 4 

Title 

Reliability P rogram .Plan for the Apollo 
Environmental Control Subsystem (ECS 
(ECS) 

Reliability Tests  fo r  the Apollo Tele-  

QC Instrumentation Measuring and 

Prel iminary Test Plan for  Apollo 

ECS P r o g r e s s  Report No. 1 
Design Criteria Specification ECS 
Telecommunications Reliability 

Stabilization and Control Subsystem 

Design Criteria Specification Ea r th  

End I tem Tes t  Plan ECS 
Tes t  Plan 

communications subsystem 

Tes t  Equipment ECS 

Stabilization and Control Subsystem 

Program Plan 

Reliability Program Plan 

Landing Sub system 

Tes t  Plan 
Reliability Test P lan  
Facil i t ies P l a n  
Apollo E a r t h  Landing Subsystem 

Qualification-Reliability Tes t  P rogram 
Program Plan 

for  the Apollo Stabilization and 
Control System 

municat ions System 

St abiliz at i on Pa r a c  hut e 

Quality Control P lan  for the Telecom- 

LLG D - - A  " A b  ---' .. cf A A - p p ! i ~ ~ + i ~ ~  St_i~dy- Drngi-ie 

Company 

A iR e sea r  ch 

Collins 

AiResearch 

Minneapolis - 
Honeywell 
AiResearch 
AiRe sea rch  
Collins 

Minneapolis- 
Hone ywell 
Radio pl ane 

AiRe s e a r  c h 
Minneapolis - 
Honeywell 
Radioplane 
Ai Re sea rch  
Ra dioplane 
Radio plane 

Minneapolis - 
Honeywell 

Collins 

Radi oplane 

The following represent  significant subcontractor accomplishments 
as determined to date. 
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Ai Re s ear c h Manufacturing Divi sion 

The AiResearch Reliability P r o g r a m  Plan  for  the environmental 
0 

control sub-system was reviewed. 
information to  a s s u r e  compliance with the requirements  of MIL-R-27542 
and NCP 200-2, and a more detailed plan was requested. 

The document did not contain adequate 

Collins Radio Company 

0 

The Collins telecommunications subsystem Reliability P r o g r a m  
Plan  has  been reviewed by NAA/S&ID. 
of insufficient detail t o  grant  approval. 

This plan has  been rejected because 

Collins' Qualification- Reliability Tes t  Plan was reviewed and found to 
have inadequately described the planned t e s t s  o r  the methods in which they 
were  to be employed. An outline of the mater ia l  presented in NAA/S&ID's 
Qualification-Reliability Tes t  Plan was submitted to Collins in  o rde r  to  
assist in  the preparat ion of a revised document. 

Apportionment 

A prediction has  been made of the reliability of each module in the 
telecommunications subsystem. This prediction was based on a count 
of active elements  (tubes and t rans is tors )  and by assuming a ratio of these  
active elements t o  other par t s .  
a s sumed  for  analog and digital c i rcui t ry .  This prediction method produces 
a rough estimation of mean time between fai lures  and is used when defined 
p a r t s  counts are not available, (See Apportionment and Studies section of 
this report .  ) 

Different ra t ios  of pa r t s  count were 

Evaluation 

Pre l iminary  evaluations have been made of tempera ture  effects on the 
reliabil i ty of severa l  modules. 
define apportionment and derating goals when equipment ambient t empera -  
t u r e s  a r e  established. 

This evaluation will be used to  bet ter  

Components 

Standard Parts Lis t ,  
list have been established. 
ing number and placed in the drawing control system. 
formal  control and change procedures.  
identified by a 265 in the las t  3 digits of the par t  number in o r d e r  to provide 
identification and separation from other  pa r t s  in the Collins' drawing sys  - 
t e m  and s t i l l  maintain basic part type family numbers ,  

Prel iminary procedures  for  a s tandard pa r t s  
The pa r t s  l i s t  will be assigned a Collins' draw- 

This will provide 
Each of the pa r t s  list will be 
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Four basic classifications will be assigned to individual par t  types: 

1. Minuteman par t s  

2 .  P a r t s  approved for Apollo with high degree of confidence 

3 .  P a r t s  approved for Apollo with lower degree of confidence 

4.  Pre fe r r ed  par t s  not yet approved 

Part Derating. General guidelines for par t  derating have been estab-  
l ished to  aid design engineers in establishing circuit  parameters  and 
performing initial breadboard activities. 

Planned Activities 

The following activities a re  planned for the next period: 

1. Apportionment. Coordinate with NAA to establish mission phase 
and operational function importance in  o rde r  to refine the 
reliability requirements apportioned to each module. 

2.  Evaluation. Refine the reliabil i ty-versus -temperature evaluation 
and per form preliminary analysis of reliability versus  operating 
t ime for the mission. 

3 .  Components. Write general  par t  category specifications and par t  
specification format. 
vendor listing. 

Survey vendors for establishing an approved 
Establish a par t  testing program. 

4.  Degradation Control. Establish a training program for  sub- 
contractor design personnel. 
design guidance material  and publish design check lists. 

Publish reliabil i ty-versus -thermal 

Minneapolis -Hone ywell 

Several  meetings were held with Minneapolis -Honeywell personnel on 
qualification-reliability tes t  requirements and the reliability program for the 
stabil izatim i d  r n n f r n l  subsystem. 
general  in nature ,  and the subcontractor has been requested to furnish a 
m o r e  detailed document for approval. 

The initial plan was found to be too 

Determination of reaction jet configuration for the command and 
service module is still in progress ,  
is t r iple  redundancy with some elements employed in simple redundancy. 

The approach presently being evaluated 
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One se t  of reaction je t s  would contain dual independent coils and valves with 
single combustion chambers .  One coil receives signals f r o m  the automatic 
stabilization and control subsystem, and the other  coil receives signals f rom 
the fly-by-wire source.  A third sys tem would be provided with completely 
independent fuel supply, coi ls ,  valves,  and combustion chambers .  This 
would a l so  be a fly-by-wire system. 

A prel iminary reliability study was performed to evaluate horizon 
scanners  produced by Honeywell (Los Angeles), General  Elec t r ic ,  Advanced 
Technology, and Barnes .  Predictions were  made on the Honeywell and 
General  Electr ic  units only, inasmuch as the data on the others  was insuff- 
icient to make a proper  evaluation. 
unit exceeded the reliability of the General Electr ic  unit. 
been requested f rom Advanced Technology and Barnes in o r d e r  to complete 
this analysis.  

The study showed that the Honeywell 
More data has  

Reliability predictions were made on indicators to supply astronauts 
with information on p r e s s u r e  altitude, ra te  of climb, and indicated a i r  speed. 
This study involved three  alternate configurations employing paral le l  
redundancy. 
as follows: 

In each case  a 5-hour t ime interval was used, Results were  

1 .  Reliability using 3-inch standard instruments w a s  R = 0 .  99999991.  

2. Predicted reliabil i ty using 2-inch nonstandard instruments w a s  
R = 0.99999987. 

3. Predicted reliabil i ty using a combined (three-in-one-panel) 
instrument,  synchro-driven, was R = 0.999999. 

All methods indicated a reliability equal to o r  g rea t e r  than that predicted in 
the September,  1961, proposal, which was R = 0.999999. 

A prel iminary preferred pa r t s  list for  use in boilerplate equipment 
was  a l so  defined during this  report period ~ 

Radioplane 

The Ridinplane earth landing subsystem Reliability P r o g r a m  Plan  has  
been reviewed and approved by NAA. 
and returned due to  insufficient detail.  

'The tes t  p rogram has  been reviewed 
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Lockheed Propulsion 

A meeting was held with the Lockheed Propulsion personnel at 
Lockheed's R.edlands facilities. 
conducted with favorable reactions to  their  testing capabili t ies.  

A review of the Lockheed facility was 

Thiokol Chemical Company 

Negotiations have been completed with Thiokol Chemical Company for  
the tower jettison motor ,  
stipulated reliability requirements . Thiokol has  indicated confidence in meeting the 

TRIPS AND MEETINGS 

To a s s u r e  concurrence on Apollo design and tes t  specifications, a 
s e r i e s  of discussions were held between S&ID, NASA, and subcontractor 
personnel during the l a s t  quarter.  
participants is presented in Table 12 .  

A l ist ing of the discussions and the 
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Table 12. Tr ips  and Meetings 

Discussion 

ECS work statement 

Minuteman electronics 

Pro jec t  Mer cur  y reliability 

Pre l iminary  design of attitude 
control sys tems 

Specification requirements 
with relation to cost  

Statist ical  Applications for  
qualification- reliabil i ty tes t  
plan 

Minuteman par t s  and appli- 
cation 

Environmental control sys tem 

Minneapolis -Honeywell 
qual if  i c a t  ion - r eliabili ty  t e s t 
plan 

Reliability approach to 
p rogram plan 

Qualification - r eliability tes t  
plan 

Lockheed coordination 

Part ic ipants  

AiRes earch  
NAA/ SID 

Dr. W. West 
NAA/SID 

Mr. J. Kohler MAC 
NAA/SID 

Minneapolis - Honeywell 
Mar quar  dt  
NASA 
NAA/SID 

Mar quardt 
NASA 
NAA/SID 

Minneapolis -Honeywell 
NAA/ SID 

SID Management 
Council 

AiResearch 
NAA/SID 

Minneapolis -Honeywell 
personnel 

Lockheed 
NAA/SID 

NASA personnel 

Lockheed personnel 

Date 
(1962) 

22 Jan 

7 Feb 

21 Feb  

28 Feb  

1 Mar 

5 to 8 Mar 

6 Mar 

11 Mar 

15 Mar 

21 Mar 

21 & 22 Mar 

28 Mar 
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11. PLANNED ACTIVITIES 

The resul ts  of major  activities planned for  completion f rom April 
through June will be reported in  detail  in the second Quarterly Status 
Report. Planned activities a r e  delineated in the subsequent paragraphs.  

DOCUMENTATION (Submitted to NASA) 

Title 
Due Date 

(1 962) 

Revised Reliability P lan  
Revised Qualification-R.eliability Tes t  P lan  
First Qualification Status Lis t  

23 Apr 
30 Apr 
30 Jun 

STUDIES 

During the April  through June 1962 quar te r ,  the following studies 
will be conducted. 

1. 

2. 

3. 

4. 

5. 

Optimum implementation of a l ternate  modes, redundancies, and 
in-flight maintenance provisions to  be added to the spacecraf t  to 
enable the reliability requirement  to  be met  will be determined. 
The constraint  in this study is the fixed overall  spacecraf t  
weight. 
ramification of GOSS. 

Alternate modes will include manned override and the 

Expansion the reliability apportionment to  the black-box level 
will be studied. 

Mission phase reliability and crew safety requirements in 
support of NASA studies will be analyzed. 

Design reliability and crew safety analysis will be conducted in 
support of design reviews. 

Reliability objectives and numerical  values for proposed Apollo 
missions other than lunar landing and ear th  re turn  missions will 
be investigated. 
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6. Reliability subsystem interface studies will be studied based 
on factorial  logic networks commencing with premission launch 
checkout and sequential regress ion  to the subsys tem and com- 
ponent phase in manufacturing. 

7. Pre l iminary  studies of reliability requirements  for  training 
simulators will be made. Two phases a r e  considered: (1) 
equipment reliability, (2)  programmed fai lure  recognition 
and correction. 

8. Cost versus  reliability of spacecraf t  subsystems will be inves- 
tigated, 

9. Preparat ion of a logic diagram and reliabil i ty mathematical  
model for  the total spacecraf t  will be initiated. 

10. Interface wiring provisions, including the e lec t r ica l  connectors, 
will be investigated for  compatibility with reliability require-  
ment s. 

11. Command module to serv ice  module separation will be  studied. 

12. Service module to adapter separation will be investigated. 

13. Parachute  compartment cover re lease  and jettison will be 
examined. 

14. Ringsail ve r sus  extended sk i r t  and other parachute designs 
will be analyzed. 

15. Drogue applications will be investigated. 

16. Methods of deploying main parachutes s o  a s  to obtain optimum 
reliability (including single versus  c lustered parachutes) will 
be determined. 

17. EBW and "hot wire" methods of initiating pyrotechnic devices 
will be evaluated. 

18. Igniter propellant w i l l  be studied. 

19. Escape tower re lease  will be investigated. 

20. Liquid injection versus hinged nozzle thrus t  vector control 
will be examined. 
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21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

Hinged nozzle versus passive nozzle thrust  vector 
be analyzed. 

~ ~~ ~ 

SYSTEMS D I V I S I O S  

control will 

Propulsion subs ys tem sequencer - re lays  versus  solid-state 
devices will be analyzed. 

Rocket subsystem reliability logic diagrams will be updated. 

Pre l iminary  failure mode analysis of rocket subsystems will 
be conducted. 

Inverter trade-off w i l l  be examined, 

Fuel  cell  reactant manifold will be studied. 

Integrated radiator ve r sus  independent radiator  subsystem will 
be analyzed. 

Solar cell  versus  fuel cells  will be evaulated. 

Command module heat shield ablative mater ia l  fa i lure  mode 
will be studied, 

Brazed honeycomb substructure  for heat shield fai lure  mode 
will be studied. 

QUALIFICATION- RELIABILITY TEST ACTIVITIES 

The planned qualification-reliability tes t  activities for  the quarter  
April  to June 1962 a r e  a s  follows: 

1. 

2. 

3. 

4. 

Reliability inputs to major  tes t  programs 
Pad abort  tests 
Little Joe I1 launch program 
Saturn/ Apollo launch p r ogr a m  
Environmental proof s pac e c r  aft 
House spacecraft  t es t  p rogram 
Prequalification drop tes ts  
Propulsion spacecraft  tes ts  

Qualification-reliability t e s t  plan revision, 30 April 

Gene r a1 reliability tes t  requirements specifications 

P r e t e s t  analysis specification 
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5. Test  laboratory survey specification 

6. Survey of tes t  laboratories 

7. Qualification-reliability tes t  inputs to the individual procurement 
specifications and specification reviews 

DESIGN ANALYSIS AND REVIEWS 

Design analysis and reviews for the next quarter  a r e  scheduled a s  
follows : 

Item 

Crew panel arrangement 
Adapter, electronic equipment 
Command module electrical  subsystem 
Training and simulation equipment 

Boiler plate philo s ophy 
Prototype philosophy 
Command module recovery sys tem 
Service module electr ical  subsystem 
T ele communi cations 
Flight control sys tem 
Service module propulsion sys tem 
Command module environmental 

Command module in-flight checkout 

Service module environmental sys tem 
Command module reaction control 
Guidance and navigation interface 

concepts 

sys tem 

concepts 

Stabilization and control 
Telecommunication s ys tem 

Environmental control system GSE 
Ear th  landing GSE 
Launch escape GSE 
Boilerplate GSE programmed to 

become prototype equipment 
EBW versus  "hot wire" methods of 

initiating pyrotechnic s 

Date 
( 1962) 

Apr 4 
Apr  6 
Apr 11 
A p r  11 

Apr 13 
Apr 18 
Apr 20 
Apr 25 
A p r  27 
May 2 
May 4 
May 9 

May 11 

May 16 
May 18 
Undetermined a t  
this t ime 
May 2 
Undetermined a t  
this t ime 
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Item 

Parachute  subsystem 
All mechanical sys tems 
Service module main propellant tanks 
Inner shel l  s t ruc ture  
Heat shield honeycomb substructure 

Date 
(1962) 

SPECIFICATION INPUTS 

The following is a list of procurement specifications that a r e  sched- 
uled for  re lease  f r o m  April  through June. 
review and prepare  inputs as applicable for  these specifications. 

Reliability personnel will 

Item 

Circuit b reaker ,  dc,  remote control 
Circuit b reaker ,  dc, push-pull 
Circuit b reaker ,  ac ,  push-pull 3 phase 
Circuit b reake r ,  ac ,  push-pull 1 phase 
Tank, helium supply 
Tank, fuel supply, positive expulsion 
Tank, oxidizer supply, positive expulsion 
Regulator, p re s su re  helium 
Relay control 
Relay power 
Tank, helium supply 
Regulator, p re s su re ,  helium 
Valve, explosive actuator NC helium 
Sys tem, propellant utilization 
Valve, shutoff solenoid actuator NO, 

Valve, shutoff, solenoid actuator NC, 

Valve, relief p r e s s u r e ,  helium 
Valve, check helium 
Valve, check oxidizer 
Valve, check fuel 
Connector, receptacle,  p ressure  

helium 

helium 

b a r r i e r  

Scheduled Release 
(1962) 

May 1 
May 1 
May 1 
May 1 
May 15 
May 15 
May 15 
May 15 
May 15 
May 15 
May 15 
May 15 
May 15 
May 15 
May 15 

May 15 

May 22 
May 29 
May 29 
May 29 
Jun 1 
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i 0 I tem 

Connector, plug 
Connector , plug receptacle 
Valve, shutoff fuel, solenoid NO 
Valve, shutoff oxidizer,  solenoid NO 
Valve, shutoff oxidizer , solenoid NO 
Fi l te r ,  helium 
F i l t e r ,  oxidizer 
F i l t e r ,  fuel 
Diaphragm, protective, helium 
Diaphragm, protective, helium 
Diaphragm, protective, oxygen 
Diaphragm, protective, fuel 
W i r e  , gene r a1 pur pose , interconnection 
Wire, general  purpose,  high temperature  
Valve, sys tem isolation, solenoid NC, 

Valve, sys tem isolation, solenoid NC, 

Valve, sys tem isolation, solenoid NC, 

Valve, three port, solenoid 
Valve, shutoff manual, fuel 
Valve, shutoff manual, oxygen 
Valve, shutoff manual, helium 
Valve, explosive actuator NC, helium 
Valve, f i l l  and vent manual, helium 
Valve, f i l l  and drain,  manual, fuel 
Valve, f i l l  and drain,  manual, oxidizer 
Valve, check, fuel 
Valve, check, oxidizer 
F i l te r  , helium 
Fi l te r ,  fuel 
Filter, oxidizer 
Valve, relief p re s su re  helium 
n;--L..--..- L..--+ L-I:.-.- 

Diaphragm, burs t ,  fuel 
Diaphragm, burs t ,  oxidizer 
Helium Tank 9 inches and 11 inches 

helium 

fuel 

oxidizer 

Y A a p l l A  C L g A I A ,  U U l  U L.9 L L G A A U I I I  

diameter  

Helium f i l l  valve 
Quick disconnect 

Scheduled Release 
(1 962) 

Jun 1 
Jun 1 
Jun 1 
Jun 1 
Jun 1 
Jun 5 
Jun 5 
Jun 5 
Jun 12 
Jun 12 
Jun 12 
Jun 12 
Jun 15 
Jun 15 
Jun 15 

Jun 15 

Jun 15 

Jun 15 
Jun 19 
Jun 19 
Jun 19 
Jul 1 
Jul 1 
Jul 1 
Jul 1 
Jul 15 
Jul 15 
Aug 1 
Aug 1 
Aug 1 
Aug 1 

Aug 15 
h . . n  1 

L L U 6  A 

Release dates 
undetermined a t  
this t ime 
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Item 

Squib shutoff valve 
F i l te r ,  10 micron 
Solenoid 
P r e s s u r e  regulator 4500 to 300 ps ig  
Swing check valve 
Relief valve 
Positive expulsion propellant tank 
Fill valve 
O r  i f  i c  e 
Supercrit ical  gas s torage system 
Helium, 10 -inch-diameter p re s  s u r e  ves sel ,  

reaction control, service module 
Helium, 9-inch-diameter pressure  vessel ,  

reaction control, command module 
N2O4 positive expulsion tank, reaction 

control, service module 
Helium, 48-inch-diameter pres  su re  vessel ,  

main propellant, service module 
N2O4 positive expulsion tank, reaction 

control, command module 
UD MH /hydrazine po s itive expul s ion tank , 

reaction control, command module 
UD MH / h yd r azine po s itive expul s ion tank , 

reaction control, service module 
N2O4 main propellant tank, se rv ice  module 
UDMH / hydr azine main p r  opellant tank, 

Command module antenna heat shield 
R & D telemetry antenna 
Recovery antenna 
R & D beacon antenna 
Service module antenna 
Beacon antenna 
Telemetry radome 
DSIF omni antenna 
D S I F  high-grain anierilia 
Personnel  cammunications antenna 
Automatic diagnostic in-flight tes t  sys tem 
Stabilization and control subsystem 
Command module to service module 

service module 

umbilical connector 

Scheduled Release 
(1 962) 
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RELIABILITY TRAINING AND INDOCTRINATION 

Effort is continuing in the preparation of various reliability training 
courses .  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

A l i s t  of the planned courses is a s  follows: 

General Apollo indoctrination 

Apollo reliability program plan 

Computer methods of electronic design analysis 

Minuteman standards and par ts  with application to Apollo 

Design ramification in  reliability apportionment and prediction 
(for  reliability engineers ) 

Design ramification in  reliabil i ty apportionment (for design 
engineers ) 

Qualification-reliability tes t  plan 

Malfunction reporting, analysis,  and correct ive action 

Apollo reliability indoctrination for manufacturing employees 

Quality control aspects of reliability 

Apollo reliability aspects in purchasing 

Apollo reliability indoctrination and motivation 

SUB CONTRACTOR ACTIVITIES 

F r o m  A p r i l  through June, the reliability group will perform the 
following reviews and activities for  subcontractor scheduled events. 

General  

Reiiabiiity program pian reviews 
Qualification-reliability tes t  plan reviews 
Development tes t  plan and procedures review 
Witnessing initial development tes t s  
Coordinated design reviews 
Technical coordination meetings 
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Discussion 

Technic a1 Coordination 

Pre l iminary  contract negotiations 

Method of nozzle movement 

Approach to Apollo propulsion 

Pre l iminary  coordination of t es  
facilities for PFRT program 

Fuel  cell  qualification-reliability 
t e s t  plan 

Stabilization and control technical 
coordination 

Heat shield ablative mater ia l  

On-site analysis of and coordination 
with AVCO-RAD proposed rel i -  
ability program for  the heat shield 
ablative mater ia l  

Review of AVCO-RAD reliability 
program contractural  documen- 
tation 

On-site analysis of AVCO-RAD 
reliability program 

Contract negotiations on tower 
jettison motor 

Technical coordination meeting - 
AiR es  e a r  ch environmental control 
sys  tem 

Part ic ipants  

Aero jet  - General 
NAA 1 SID 

Lockheed -NASA 
NAA 1 SID 

Thiokol-RMD-NASA 
NAAISID 

Aerojet  
NAA 1 SID 

P r a t t  & Whitney 

Minneapolis -Hone ywe 11 

AVCO-RAD 

AVCO-RAD 

AVCO-RAD 

AVCO-RAD 

Thiokol/NAA-SID 

NASAISID 

Date 
(1962) 

Apr 23 

Apr 16  

Apr 11 

Apr 3 

Jun 1 

--y* A n -  6 

Apr 12 
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D i s c u s s i o n  

Re l i ab i l i t y  a p p o r t i o n m e n t s  
Guidance  and  naviga t ion  s u b s y s t e m  

Re l i ab i l i t y  p r o g r a m  p lan  

Qual i f icat ion-  r e l i ab i l i t y  

T e c h n i c a l  coord ina t ion  mee t ing  

R e  liab ili t y 

Rev iew test f a c i l i t i e s  

P e r i o d i c  d e s i g n  r e v i e w s  

C o s t  a n a l y s i s  of s p e c i a l  tanks 

Facility p l a n  

Wi tness  initial deve lopmen t  tests 

Rev iew test facilities 

D e s i g n  a p p o r t i o n m e n t s  and  failure 
m o d e  a n a l y s i s  

~ ~~ 

Documenta t ion  

Rev iew test p l ans  

P a r t i c i p a n t s  

MIT -NASA 
NAA / SID 

Pratt  & Whitney  
NAA/SID 

Pratt  & Whitney  
NAA / SID 

Pratt  & Whitney 
NAA/SID 

Col l ins  R a d i o  
NAA/SID 

N o r t h r o p - V e n t u r a  
NAA / SID 

N o r t h r o p  -Ven tu ra  
NAA/SID 

Minneapol i s  -Honeywell  
NAA/SID 

2.4inne apo l i s  -Hone well 
NAA / SID 

Pratt  & Whitney  
NAA / SID 

Pratt  & Whitney  
NAA / SID 

Pratt  & Whitney  
NAA/SID 

N o r t h r o p  -Ven tu ra  
NAA / SID 

Da te  
(1 962) 

A p r  18 

M a y  1 

A p r  5 & 6  

A p r  20 

M a y  3 
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Discussion 

Qualification-reliability test  plan 
review 

Tes t  plan 

Reliability tes t  plan for  fuel cel ls  

As s ocia te Sub contractors 

R eliabilit y apportionments 

Guidance and navigation subsystem 

Source Selection 

Super-crit ical  gas s torage system 

Command module and service 
module titanium high-pres sur e 
helium tanks 

Command module and service 
module fuel and oxidizer reaction 
control tanks 

Service module main propellant 
fuel and oxidizer tanks 

Participants 

AiR e s ea  r ch  
NAA / SID 

Minneapolis - Honeywell 
NAA / SID 

P r a t t  & Whitney 
NAA / SID 

NASA / SID / MIT 

NASA/SID / MIT 

Date 
(1 962) 

Apr 5 & 6  

Apr 18 
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